This study was conducted on three inbred lines of okra Abelmoschus esculents (C8, C9 and Cr) obtained from the Horticultural Research Institute, Agricultural Research Center. Seeds were irradiated with gamma rays at doses 10, 20 and 30 Kr. This study aimed to evaluate the effect of ionizing radiation on molecular and phenotypic levels, using RAPD six out of 19 RAPD primers were succeeded in generating reproducible polymorphic amplicons among all irradiated plants and their control on each inbred line. All irradiated plants of soaked seeds showed the highest unique markers (21) compared with irradiated dry seeds which showed 11 unique markers. This indicated that gamma irradiation was effective for inducing higher rate of mutations in the soaked seeds. On the other hand, C8 gave the highest number of unique markers (10 negative and 4 positive). While, C9 displayed the highest percent of polymorphic amplicons (81.4%) and it was the only genotype which increased in number of complementary sites with RAPD primers by irradiation treatments. Furthermore, other genotypes decreased in number of complementary sites with RAPD primers by treatments. Moreover, the correlation between molecular and phenotypic distances was positive and highly significant (r= 0.645) in Cr only, which may be explained that 73.3% for Cr of amplicons were polymorphic from the genome areas which coded for studied traits. So, it is possible to reliance on the unique markers for this inbred line as markers assisted selection for the improved traits due to irradiation. In addition, Cr was the best in response to genetic improvement % by irradiation, especially 20/S treatment which led to significant improvement of yield and some of it's component traits. The improvement percent, ranged from 21.4 to 152.0 % for number of leaves per plant (Nl/p), number of fruits/plant (Nf/p), number of seeds per pod (Ns/pod) and fruit yield per plant (FY/p) traits, was highly expected to be associated with four molecular markers. These markers were three negative and one positive (485bp targeted by OP-A02 primer), which could be used as markers assisted selection to improve yield and its components in breeding programs and improvement of okra.
Introduction
Okra, Abelmoschus esculentus L is a member of the family Malvaceae order Malvales Kaur et al. (2013) and is considered as one of the most im-portant vegetable crops in Egypt. Okra chromosome numbers is a varied and wide-ranging, where 2n = 72, 108, 120, 132 and 144 in regular series of polyploidy with n = 12 kumar et al. (2010) . Cultivated area of okra in Egypt exceeded 13 thousand Feddan with productivity amounted to about 75 thousand tons (NARP, 1993) . Therefore, there is a serious need to increase production of okra because of its highly important at nutritive and commercial levels. In this manner, geneticists and breeders who are interested in okra improvements used many different breeding programs to increase production and improve the yield and its components. Mutation breeding as one of these programs has been widely used for the improvement of plant traits in various crops Micke (1988) . Also, induced mutation has been benefited the plant breeders to explore genetic variations resulting from mutagens. Many reports are available for the successful use of mutation breeding in the production of new cultivars in many crops Hamzekhanlu et al. (2011) . Gamma irradiation has been widely used to induce mutations and caused many and different changes on the morphological, cytological and molecular levels. Many phenotypic and biochemical effects caused by irradiation can be evaluated through direct identification of genotypes with DNA based assays Mengoni et al. (2000) .
In this way, random amplified polymorphic DNA (RAPD) technique have proven to be the most useful to characterize identities and relationships of various crops Nair et al. (2013) . The quick development of molecular techniques has allowed the analysis of large number of gene loci distributed throughout the plant genome Singh and Kumar (2012) . DNA and protein profiling techniques are the most commonly used techniques for molecular diversity analysis Nwangburuka et al. (2011) . Though, among the molecular markers, RAPD markers were helpful for evaluating genetic diversity and relationship in plants because it is easy handling, low cost and simple way Al adele et al. (2008) . Also, RAPD analysis provided high level of polymorphism in the studied cultivar Uzun et al. (2012) . The variation in DNA of the irradiated seeds in comparison to the control was successfully assessed using RAPD technique El Sherif et al. (2011) . This technique has been used to detect polymorphism and molecular distance (MD) Kaur et al. (2013) . Also, RAPD technique succeeded in detecting desirable traits linked to unique markers which could be separated in the future and used as assisted selected markers Hamzekhanlu et al. (2011) . The desirable traits were the highest in some cases (plant high, number of leaves or fruits per plant and number of branches per plant )and the lowest in other cases( low fruit diameter and fruit length ) . In okra, low fruit diameter and fruit length were more economically favorable for customers than the high diameter and length. In addition, early growing traits like number of first flower and date to first flower are more desirable than the late once. In agreed with this finding (Ndou et al., 2013; Nair and Mehta, 2014 ) studied induced desirable mutations in the two high and low improvement directions resulting from radiation or chemical mutagens comparing with control.
On the other side, phenotypic distances (PD) based on morphologi-cal or phenotypic traits were calculated between genotypes according to (Excoffier et al. 1992) , these distances are commonly used to assess genetic variation which considered as an effective way to evaluate radiations effects (Beuningen & Busch, 1997) .
Therefore, this study was focused on the evaluate the effect of ionizing radiation on the seeds of three inbred lines of okra in terms of genetic improvement of some economical traits, as well as, evaluate ability of RAPD technique to targeting molecular markers assisted selection.
Materials and Methods
Plant material Three inbred lines of okra Abelmoschus esculents (C8, C9 and Cr) obtained from the Horticultural Research Institute, Agricultural Research Center, Mansoura, Egypt were used in this study.
Ionizing radiation Dry seeds and soaked seeds (soaked seeds still in water one night before irradiated) treated with 10, 20, 30 Kr and control (un treated seeds) of gamma rays, source was Co60 at the National center for Radiation Research and Technology (NCRRT) (Iqbal et al., 1974) . After irradiation seeds was planted directly in pots at rate of 2 seeds /pot using five replicates for each treatment Irradiation treatment Seeds from each inbred line, were divided into seven groups for irradiation treatment, these groups were: [control (untreated seeds), 10, 20, 30/D (dry seeds irradiated with different doses of gamma rays (10, 20, 30 Kr) and 10, 20, 30/S (soaked seeds with the tree different gamma doses)].
Molecular evaluation using RAPD analysis
Using DNeasy mini spin columns as described in detail by Williams et al. (1990) , bulked DNA extraction was performed from 100 mg of okra seeds collected from each treatment. Genomic DNA from each sample (inbred lines and their treatments) was used as a template for Polymerase Chain Reaction (PCR) and amplified using 19 RAPD primers. Amplification was carried out in a programmed PCR for 42 cycles as follows: 94°C/4 min (1 cycle), 94°C/1 min, 37°C/1 min, 72°C/2 min (40 cycles), 72°C/10 min (1 cycle) and 4°C (infinitive). Agarose (1.2%) was used for analyzing the PCR products. The DNA ladder (M: 100 bp DNA) was used (3 μl) for determining the molecular size of the amplicons (amplification products or bands from PCR). Molecular data from banding patterns of RAPD experiments were scanned by Gel Analyzer 3 program which scoring clear amplicons as present (1) or absent (0) for each primer and entered in the form of a binary data matrix (Ciucã et al., 2004; Lisek et al., 2005) . These data were used for estimating molecular distances (MD) according to de Souza et al. (2012) . Using these distances, cluster analysis was performed by computational package MVSP (version 3.1) using Nei & Li coefficients according to Nei & Li (1979) .
Succeeded primer's names and sequences Six primers succeeded to evaluate polymorphism in okra traits, those primers were: OPA-01(5´CAGGCCCTTC3`), OP-A02(5´CAATCGCCGT3`), OP-A18(5´TGGGGGACTC3), OP-B09 (5`TGGGGGACTC3`), OP-C04 (5`GGCTGTCCGT3`), OP-M01 (5`GTTGGTGGCT3`).
Phenotypic evaluation
Phenotypic distances (PD) based on morphological traits were calculated using phenotypic data (data not shown) which were estimated for 17 traits. These traits were : emergence percent (E %), seedling fresh weight (SFW g), seedling dry weight (SDW g), plant height (PH cm), number of leaves/plant (Nl/p), number of branches/plant (Nb/p), number of the first flowering (NFF), date of the first flower (DFF), Pollen grain viability % (PV %), number of ridges on fruits (Nr), fruit length (FL cm), fruit diameter (FD cm), number of fruits/plant (Nf/p), fruit weight (FW g), number of seeds/pod (Ns/pod), weight of 100 seeds (W100s) and fruit yield/plant (FY/p kg). These data were used for estimating phenotypic distances (PD) according to Nei (1987) . Also, using these distances, cluster analysis was performed by computational package MVSP (version 3.1) using Nei & Li coefficients according to Kovach (2001) .
Evaluate the effect of ionizing radiation on the relationship between molecular and phenotypic distances.
Simple correlations and regression analyses were estimated using the computational software Minitab 17 according to Abd El-Aziz et al. (2016) .
Estimation of significantly improvement for economical studied traits
The significantly improvement percent (SI %) for all studied traits except emergence percent trait (this trait did not calculate LSD 0.05 values) was calculated using the following formula:
SI % = Where: mean performance of irradiation trait which differed significantly from control. mean performance of control trait.
Results and Discussion Molecular evaluation using RAPD data
Molecular description of mutants might be useful for induced efficient mutation induction protocol. DNA polymorphism detected by RAPD analysis gave a helpful molecular marker for identification of mutants in gamma irradiated plants because that RAPD analysis was efficient in detecting gamma ray's mutation (Lisek et al., 2005; Khan et al., 2010) . In this study RAPD analysis was conducted using 19 arbitrary 10mer primers. While only, six of these primers were succeeded in generating reproducible polymorphic amplicons among all irradiation treatments and their control in each inbred line (Figure 1, 2, 3) . From banding pattern profiles of RAPD-analyses, highest changes between control and irradiation treatments were appeared in each inbred line. This demonstrated the success of RAPD markers in the detection of reproducible polymorphic patterns and confirmed to be valid in discriminating between control and their irradiation treatments of each In addition, it is clear from Table 1 that the six primers out of 19 succeeded in detecting large number of amplicons A (+) and A (−) which differ among irradiation treatments and their control of each inbred line. For inbred line C8 and their treatment, all primers successfully showed multiple band profiles ( Figure 1) with several amplicons varied from 4 (for OP-A01) to 11 (for OP-A18) (Ta-ble1). In total, 40 amplicons were found, 30 (75.0%) of them were polymorphic; of which were 14 (35%) unique amplicons (UA), four UA (+) and ten UA (−). The primer OP-A01 did not target any UA (− or +). The highest number of UA were targeted by primer OP-C04 with two UA (−) and two UA (+).
Also, all primers were successfully showed multiple band profiles for C9 ( Figure 2) , with number of amplicons varied from 4 (for OP-A01) to 9 (for OP-A18 and OP-B09) (Table1). In total 43 amplicons were found 35 (81.4%) of them were polymorphic. Seven out of 35(16.3%) amplicons were UA (two negative and five positive UA). The primer OP-A18 detected the highest number of UA (one negative and two positive UA), while the primers OP-A01 and OP-A02 do not targeted any UA. Moreover, in Cr, six primers amplified 45 amplicons, 33 (73.3%) of them were polymorphic and 11 (24,4) were UA (4 negative and 7 positive) ( Table 1 ). The highest number of UA were produced by the primers OP-A01 and OP-A18, while the primer OP-M01do not succeeded in showing any UA.
The treatment of 10 kr for soaked seeds (10/S) was the highest in showing UA (8) for the overall inbred lines. Likewise, all irradiation treatments for soaked seeds were the highest in showing UA (21) than all irradiation treatments for dry seeds (11 UA). The results indicated that gamma irradiation was an effective tool in inducing mutations especially with the soaked seeds. This illustrated that most RAPD markers used in this study were effective in showing unique markers to be reliable in the election of beneficial mutations.
These results agreed with those obtained by Hamzekhanlu et al. (2011) , who concluded that RAPD markers were effective in distinguishing the great level of mutation as a result of polymorphism and variation due to gamma radiation in soybean between the irradiated and non-irradiated lines.
On the other hand, from Table  1 , C8 showed the highest number of UA with 14 (10 negative and 4 positive), as well as, Cr showed 11 UA (4 negative and 7 positive) and C9 showed 7 (2 negative and 5 positive). Also, the primer OP-A18 succeeded to show 3 unique markers for each inbred line. These primers showed the highest number of amplicons with highest percentage of polymorphism and suggesting that this primer was the best in illustrate the variations induced by radiation in okra.
Besides, from data of A (−) and A (+) which refers to the effect of treatments on the susceptibility of studied inbred lines for compatibility with RAPD primers, these results showed that the percentage of A (+) was greater than A(−) in C9 (A+%=48.8, A−%=32.6) and vice versa in C8 and Cr (A+%=17.5, A−%=57.5 and A+% = 24.4, A−%=48.9, respectively). This indicated that C9 was the only genotype which increased in number of complementary sites with RAPD primers by treatments, while other genotypes decreased in number of complementary sites with RAPD primers by treatments. These results were in harmony with Hegazi and Hamideldin (2010) , who found that the high doses of okra gamma radiation gave high changes in DNA pattern.
Cluster analysis based on MD and PD
Using MD and PD (Data not shown), cluster analysis was performed for appearance the effect of gamma radiation on the molecular and phenotypic levels and the relationship between them (Figure 4 ,5 and 6). The UPGMA dendrograms based on MD and PD representing the cluster analysis for control and irradiation treatments. These dendrograms succeeded in illustrating the degree of genetic divergence induced by radiation in each inbred line through molecular and phenotypic distances. This agreed with Aladele et al. (2008) , who found that RAPD succeeded in differentiating okra genotypes. Also, Khan et al. (2010) reported that RAPD can be used as a respectable technique in distinguish plants genotypes.
These cluster analyses, showed true variation among control and irradiation treatments for each inbred line. This variation proved that irradiation treatments applied in this study was succeeded in induced genetic variations among molecular and phenotypic levels of inbred lines. Also, this variation can be useful in okra breeding programs by selection. This agreed with, Singh and Datta (2009) , who demonstrated that gamma irradiation encouraged phenotypic changes in wheat, whereas total leaf mass, plant mass and the number tillers increased 3 times more than control as a result of gamma irradiation. Also, Sangsiri et al. (2005) found that with 500 gy dose, mutant characters appeared, demonstrated that gamma irradiation encouraged phenotypic changes.
As shown in Figure (6) , the relationships between (MD) and (PD) for C8, C9 were negative correlation, where the correlation values were r=-0.335, r=-0.021 respectively. While, Cr was highly significant positive correlation (r= 0.645). The negative correlation values between MD and PD for C8 and C9 inbred lines may be explained by the fact that 75.0% for C8 and 81.4% for C9 of amplicons were polymorphic from any area of genome. These areas may not necessarily be coded for any morphological trait. This explained that 73.3% for Cr of amplicons were polymorphic from the genome areas which coded for morphological traits.
The negative-correlation among two types of genetic distances for C8 and C9 can be explicated by the fact all treatments had been evaluated using one molecular technique at one location and one season. To deal with the poor correlation between molecular and phenotypic distances in C8 and C9, it may be better using many more numbers of RAPD primers or other molecular techniques to evaluate the treatments at more than location or allocation under different environments. These agreed with Abd El-Aziz et al. (2016) , who found that the same relationship of MD for six inbred lines of maize were not correlated significantly with PD. Abd El-Aziz et al., 2017 http://ajas.js.iknito.com/ Highly significant positive correlation obtained between MD and PD in Cr cultivar may be explained with the high relation between the two types of distances, this high correlation proved that gamma rays succeeded in changing the characters of Cr trait on the two phenotypic and molecular levels. This was in harmony with what was illustrated previously in okra by Martinello et al. (2001) , who explained that MD based on RAPD data, average distance, from the morphological and quantitative data has similar dendrogram patterns. Also, Barazani et al. (2003) confirmed the importance of combining molecular markers with morphological data. All those authors, indicates that it is possible to reliance on the unique amplicons in this inbred line as markers assisted selection for the improved traits due to irradiation.
Assessment of height and decrease in the studied traits resulting from irradiation treatments.
For assessment of irradiation effect on phenotypic traits, in Table 2 , it was clear that irradiation treatments lead to significant changes in all studied traits. Many of these changes were economically desirable and some were not.
The economically desirable improvement was in some traits as follows: 7 traits for C8 (Nl/p, Nb/p, NFF, Nf/p, Ns/pod, W100s and FY/p kg), 4 traits for C9 (Nb/p, Nr, FD cm, and W100s) and 9 traits for Cr (Nl/p, Nb/p, Nr, FL cm, Nf/p, FW g, Ns/pod, W100s and FY/p kg). It could be noticed that most improved traits were very important as it were economical and productive traits.
The improvement in C8 traits mostly resulted from the irradiation treatment 30/D which led to improvement of yield and some yield component traits. While, C9 was the lowest inbred line in response to improvement by irradiation treatments. As for Cr, was the best in response to improvement by irradiation treatment, especially 20/S which led to significant improvement of yield and some yield component traits. This could be attributed to the high correlation between changes under molecular and phenotypic levels which reflected that gamma irradiation succeeded in improving the most traits in Cr. Molecular markers related to significant economic improved traits. As shown in Table 3 , most irradiation treatments were led to significant economic improvement in several traits could be linked to the molecular.
For C8, it was clear that the number of improved traits that could be linked to molecular markers were eight traits, the percent of improvement for these traits ranged from 7.1 to 45.4 % for W100S and N.f.p respectively, which could be associated with ten molecular markers. While, the desirable improvement was only for four traits in C9, which were Nr, FD, FL and W100 with 13.5, 18.9, 25.6 and 34.3 improvement %, re-spectively. The improvement in each one of these traits, could be associated with one molecular marker as described in Table 3 .
More precisely, the inbred line Cr showed significant improvement in six traits, which is highly expected to be associated with 11 molecular markers due to the high correlation between the MD and PD in this line. These molecular markers were seven positive and four negative, one of them (280 bp targeted by OP-B09) could be associated with the improvement in Nr trait by 10/S, six of them could be associated with the improvement in Nb/P and FW g traits by 20/D treatment. As well as, Cr was the best in response to genetic im-provement %, especially by 20/S, which led to significant improvement of yield and some yield component with SI% was ranged from 21.4 to 152.0 % in Nl/P, Nf /p, Ns/pod and FY/p kg traits, which were associated significantly with four molecular markers, three negative and one positive (485bp targeted by OP-A02 primer). These primers could be used as a marker to improve one or more traits of yield and yield components. Results obtained from the table indicated that, most of irradiation treatments were led to desirable improvement of many studied traits in associated with molecular markers via RAPD technique. These markers could be used as markers assisted selection for these traits in breeding and improvement of okra. These results agreed with Dubey et al. (2007) , who found that irradiated okra seeds with different doses of gamma rays caused an improvement in number of yield and yield component traits. predicted by Hamzekhanlu et al. (2011) , who indicated that RAPD markers in future researches could be very important in detecting mutation that associated with desirable traits which could use as marker assisted selection. To achieve this importance in our study, DNA sequencing must be done for ISSN: 1110-0486 Website: http://www.aun.edu.eg/faculty_agriculture E-mail: ajas@aun.edu.eg these molecular markers between irradiation lines and their original sources to identify DNA markers assist selection of desirable traits. This was the aim to achieve in future studies.
Conclusion
In conclusion, gamma rays were succeeded for inducing desirable changes in okra at the two phenotypic and molecular levels. The inbred line Cr was the highest one in improved traits by radiation and it was the only one giving high positive significant correlation between molecular and phenotypic distances. In addition, RAPD technique proved to be a good method in detecting different molecular markers which could be used as markers assisted selection for improved traits by irradiation treatments in programs of breeding and improvement of okra.
